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FOREWORD 


Welcome  u»  third  edition  of  ll»c  International  wmkshop  on  Millimeter  Waves.  Ircing  held  at  die 
Palazzo  del  Capitano  tie!  Prrptrlo  in  Orviriu.  Alter  ilie  encouraging  success  ol  the  previous  editions  at 
the  University  of  Rome  “Tor  Vergata"  in  19X6  and  at  the  University  ol  Perugia  in  19X9,  it  was 
decided  to  organize  a  new  wmkshop  as  a  coo|H‘ialion  Uiwcni  ilie  1  V11t9.1t  and  South  Italy  Chapter 
with  the  prance  and  Cicunany  Chaplets  til  the  IliliL  Mictowavc  Tlieory  and  Techniques  Society. 

Hie  city  of  Orvicto  has  been  chosen  as  lire  venue  lor  this  event  not  simply  lK.xau.se  it  is  located 
midway  between  Rome  and  Perugia,  but  mainly  lor  its  unique  charm  due  to  its  suggestive  medieval 
appearance  and  the  rich  artistic  patrimony  dating  hack  to  the  l-Jriiscan  period.  The  Palazzo  del 
Capitano  del  Popttio  is  ho  doubt  an  cstraordmay  combination  between  a  bystorical  medieval  /htlazzo 
and  a  modern  and  efficient  Congress  Center. 

1TLLC0  S.p.a.  enthusiastically  agreed  to  s|>oiisor  the  workshop  and  has  Ixeii  a  fundamental  partner 
in  the  organization.  'Ilie  social  program  is  also  very  attractive,  including  a  very  nice  conceit  ol  two 
Canadian  artists,  T.  Goudic  and  D.  Lawton. 

We  would  like  to  thank  all  the  invited  speakers  who  kindly  agreed  to  participate  in  the 
worksltop  and  the  many  others  who  have  worked  lor  its  success.  We  are  deeply  grateful  to  Professor 
Carrara,  one  of  the  fathers  of  microwaves  in  Italy,  who  accepted  our  invitation  to  welcome  the 
participants  at  die  opening  session. 


Paolo  Lamparicllo  and  Kohcrlo  Sorrentino 


Workshop  Co-Chairmen 
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BLOCK  DIAGRAM  OF  A  50  GHz 
TRANSMITTER  AND  A  RECEIVER 


TRANSMITTER  RECEIVER 


25C1U  FM 
MODULATOR  DOUBLER I 


SO  CJIz 


VIDEO  AND 
VOICE  SIGNALS 


IUWUUUA  I  UIV  LIUUUL.cn  /  .  mtAL.lv  tr  A  I* 

r^©-OWZ3 — r^T-"® — 12 

ItllCETD  A  KA  T>  I  IiriirilC  '  *  I  - 


BUFFER  AMPLIFIERS 
MIC  ASSEMBLY 


MIXER  IF  AMPLIFIER 


VIDEO  AND 
VOICE  SIGNALS 


DOUBLER  25GII*  DRO 

4HK]-Q 

BUFFER  AMPLIFIER 


MIC  ASSEMBLY 


MATSUSHITA 

Electric  Industrial  Company,  Ltd. 


MATSUSHITA 

Electric  Industrial  Company,  Ltd. 


Major  characteristics  of  the  50  GHz  communication  system 


Frequency 

50.46  GHz 

Transmitting  power 

10  dBm 

Noise  figure 

13  dB 

Frequency  stability 

±100  ppm  (-20-60  "C) 

Modulation 

FM 

Frequency  deviation 

!6MHzpp 

Intermediate  frequency 

960  MHz 

IF  bandwidth 

27  MHz 

Video  signal  bandwidth 

4M?  ' 

Audio  signal  bandwidth 

IS  KHz 

f  •» 


8 


fELEFUNKEN 

WiC0l  38  Sendertechmk 

38  GHz  Wireless  Link 
lor  Digital  Data  Transmission 


r*1 


. . 

:»  V'cnuX-il 

tooo  •*««}• 

•  iy;-i  OJ:  l;«i  J  »*«.  CX  MlNH 


■canonu 


•NW  MW 

■20  C  i»  -M  C»rir.intn« 
"f  »ts-3.  ho—w 
0*;t^  *:>»  iWmn 

««‘g 


— DtUUch. 


15  cm 
rooftop  antenna 


transmitting  antenna  at 
local  high  point 

r 


Master  Antenna  leed  to 
properties  where  trees  etc. 
block  radio  path 


System  Concept 


-1  1  CeHZ  MIJUTICHANN6L  TV  8VSTCM 

Tfiuni  b  THL  -  MARI  L.E8HAM  HEATH.  ENGtLANI* 


Deutsche  Aerospace 


Manufact. 

Type 

Freq. 

Output 

Modulation 

Data  Rate 

Hoplength 

GHz 

power 

mW 

kbits/s 

km 

Alc.-Th. 

TM  440 

40 

50 

FM 

BW:1 5MHz 

15 

BTRL 

29 

120 

FSK/PSK 

8k/70k 

10 

Telef  unken 

Wicol  38 

38 

8,000 

4 

NEC 

PL  50 

50 

15 

FSK 

1,544 

2 

FUJITSU 

FC2160 

50 

10 

FM/FSK 

20,000 

2 

MATSUSHITA 

50 

10 

FM 

BW:  15MHz 

SONY 

50 

20 

FSK 

30,000 

POINT-TO-POINT  Millimeter-Wave  Communication  systems 
"  tanra  Data 


frmm$  M.J.  Thwtt.  I.U  R.t.  Cola 

IMtVKMITV  CQUItt  UMOON, 

London.  Cnoltnd 


«Hk  l»nOPAAATlON  IM  «M  UM»I  ||«1WWT 

ill  tiy  %y 


Manufact. 


Freq.  Output  Modulation  Bandwidth  Runlength 


GHz 

Power 

mW 

MHz 

m 

Univ.  Col. 
Ldn. 

55 

60 

5 

150 

Univ.  Bristol 

i 

60 

20 

PRBS 

2 

L-O-S 

200 

Experimental  Millimeter-Wave  System  for  Mobile  Braodband  Services  (MBS) 
Performance  Data 

I- 


—  PHILIPS  M  /  C  R  0  W  A  V  E 


i'DC  measurement 
Schematic  diagram 


Deutsche  Aerospace 


«•.«».**  vt  %  i  kf+r* 


Deutsche  Aerospace 


Ji£i =3— * 

7 

REQUIREMENTS  FOR  AN 
OBSTACLE  WARNING  SYSTEM 

AEG 

Output  power 

35  mW 

Frequency 

94  GHz 

Sweep  range 

800  MHz 

• 

DETECTION  OF  CABLES  AND  WIRES  WITH  ‘ 
DIAMETERS  >3mm 

Linearity 

less  than  1  % 

• 

RANGE  OF  CA.  500m 

Mixer  NF 

8  db 

• 

ALL  WEATHER  CAPABILITY 

Weight 

less  than  50  g 

• 

LIGHT  WEIGHT  AND  SMALL  VOLUME 

Price  * 

(housing) 

less  than  5  £ 

m 

COOPERATION  WITH  EXISTING 
NAVIGATION  AIDS 

*)  polymer  injection  moulding  process 
more  than  10,000  units 
Cu-plating  applied 


Philip*  Microwave 
94  GHr  Maker  darn 


Bands 

GHz 

5.795  -  5.805 
5.805  -  5.815 

63  -  64 

76-77 

Applicaaons 

Automanc  toll 
debiting  systems 

Transmissions 

Road  «-*  V 

VhV 

Anocollision  radars 

Bandwidth 

2*l0MHz 
or  4  channels  of  5 
MHz 

l  GHz 

Channels  of  5  to  20 
MHz 

FM/CW :  100  MHz 
Pulsed  :  500  MHz 

3  dBw 

3-16  dBw 

30  -  35  dB 

Rate 

Few  Mbits/sec 

Modulation 

FM/CW  ~ 

Pulsed 

from:  HESS,  President  of  the  CEPT  frequency  group  •  DRIVE  Conference,  4  -  6/2/91 


CEPT  Frequency  Allocations  for 
European  Road  Transport  Applications 


Radio  and  Radar  Systems  Division 
flex  Technologies 


AEG 
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Abstract 

A  new  passive  microwave  lincscanncr  has  been  developed 
that  will  be  used  for  airborne  operational  measurements 
of  maritime  oil  pollutions.  The  system  consists  of  two 
oQsct  rotating  parabolic  mirrors  and  two  radiometer  sets, 
where  each  set  contains  three  radiometers  at  18.7,  36.5 
and  89  GHz  center  frequency.  A  further  89  GHz  radiome¬ 
ter  is  used  for  the  measurement  of  the  average  radiometric 
sky  temperature.  The  system  is  continuously  calibrated  by 
the  use  of  a  "hot  load*  at  ambient  temperature  and  a 
pettier  cooled  'cold  load*.  A  computer  system  allows 
nnlinr-  data  reduction  for  the  rxlimatirm  of  ihy.  amount  of 
oil  on  the  sea  surface. 


L  Introduction 

Pollution  of  the  sea  has  increased  up  to  levels  which  can 
result  in  severe  risks  for  the  marine  ecosystem.  High  loads 
of  oil  have  been  observed  in  many  coastal  waters.  In 
addition  tn  the  procurement  ^*”1  rnmhaling  chips',  this 
situation  has  led  to  the  demand  for  airborne  surveying 
methods  for  providing  helpful  data  for  oil  spill  dean-up 
operations  following  accidental  discharges,  and  to  moni¬ 
tor  the  legal  aspects  of  permanent  contributions  to  mari¬ 
time  oil  pollutions. 

In  Europe,  aircraft  equipped  with  remote  sensing  instru¬ 
ments  have  been  provided  in  various  countries  in  the 
period  1983-1988  for  a  regular  survey  of  coastal  waters 
and,  in  view  of  a  sensor  system  of  second  generation,  for 
the  purpose  of  basic  research.  Since  1986,  for  example, 
two  Dornicr  Do28  aircrafts  equipped  with  an  IR/UV- 
Lincscanncr,  a  Side  Looking  Airborne  Radar  (SLAR) 
and  a  scanning  35GHz-R  adiomclcr  have  been  down  in 
the  German- responsibility  areas  of  the  North  Sea  and  the 
Baltic  Sea,  aiming  at  a  continuous  surveillance  of  mari¬ 
time  pollution  and  an  improved  guidance  of  oil  combat¬ 
ting  operations.  In  1983,1985  and  1988,  under  the 
sponsorship  of  the  European  Community,  a  series  of 
international  airborne  exercises  took  place  in  the  North 
Sea  (Archimedes  Campaigns  [1-3]).  Different  institutions 


operated  optical  and  active  microwave  sensors  in  parallel 
to  a  multitude  of  microwave  radiometers  (lincscanncrs 
and  profilers).  The  general  aim  of  these  exercises  was  to 
establish  specifications  for  an  improved  operational  sen¬ 
sor  package  for  quantitative  registration  of  oil  pollution 
at  sea  under  nearly  all-weather  conditions. 

In  1989,  the  GcrmanMinistryofTralEcdccidcd,  to  realize 
a  new  maritime  surveillance  system  on  board  a  modern 
Do228  aircraft  [4].  In  addition  to  improved  sensors  util¬ 
ized  up  to  this  time  in  the  first  generation  aircraft,  the  new 
system  will  include  newly  developed  sensors,  a  Laser 
Fiuorosensor  and  a  multiple  frequency  microwave 
radiometer  which  allow  a  more  thorough  analysis  of  oil 
spills.  This  indudes  a  quantification  of  the  spilled  volume 
over  a  range  covering  small  discharges  up  to  accidental 
events,  and  the  classification  of  oiltypes. 

1L  The  New  Radiometer 
A  Requirements 

The  Archimedes  exercises  offered  a  unique  chance  to 
study  radiometer  outputs  in  the  5GHz  to  90GHz  range  for 
different  types  of  oil  and  oil  water  emulsions  of  varying 
thickness  (up  to  several  millimeter)  during  a  variety  of 
realistic  environmental  conditions.  A  series  of  findings 
resulted  which,  together  with  some  operational  restraints 
are  now  forming  the  basis  for  the  development  of  the  new 
radiometer.  In  detail,  basic  requirements  for  a  radiometer 
of  second  generation  arc: 

-  sim.  iltaacous  measurements  at  several  frequencies  to 
avoid  ambiguity  problems  during  tbc  determination  of 
layer  thickness  and,  above  all,  the  oil  volume;  an  error 
of  volume  estimation  smaller  than  50%  is  tolerated, 

-  selection  of  frequency  bands  with  reference  to  possible 
interferences  due  to  man-made  noise  and  registration 
of  oillaycr  thickness  in  the  5Qum  to  3mm  range, 

.  simultaneous  registration  of  the  sky  radiation  at  least 
at  the  highest  frequency  band  which  is  tbc  most  sensi¬ 
tive  one  with  respect  to  variation  of  weather  conditions. 
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-  a  scan  angle  as  large  as  possible  to  realize  wide  van 
widths, 

■  a  spatial  resolution  as  high  as  possible  under  the  pro¬ 
viso  of  the  maximum  tolerable  dimensions  for  the 
radiometer  package  (lengtlu88cm,  width30cm), 

-  consideration  of  typical  flight  altitudes  of  300m  to 
1000m  and  aircraft  velocities  near  70 m/s. 

B.  Frequency  Ranges 


In  general,  for  optimum  data  evaluation,  the  sky  radiation 
which  influences  the  linescanner  output  should  also  h' 
constantly  mapped  with  a  separate  system  in  all  frequent 
bands.  But  for  simplification  and  cost  reduction  only  one 
further  89G  Hz  radiometer  with  a  fixed  sector-horn  anten¬ 
na  has  been  designed  for  the  sky  radiation  meaimri-mewt 
Its  output  delivers  a  mean-value  of  the  relevant  sky  radia¬ 
tion  which  is  the  optimum  basis  for  numerical  estimation 
of  the  corresponding  values  at  363  and  18.7  GHz.  The 
errors  resulting  from  that  procedure  are  expected  to  be 
smaller  than  50%. 


All  requirements,  listed  above,  have  been  considered 

during  the  development  of  the  new  radiometer.- The  am)'  C.  The  Scanning  Principle 

struction  of  the  linescanner  was  achieved  with  a  compact 

configuration  that  realizes  imaging  at  18.7,  Scanning  happens  with  the  aid  of  two  parabolic  mirrors 

363  and  89GHz.  The  frequency  bands  selected  are  re-  ““tailed  in  a  continuously  rotating  cylinder  (Fig 2).  Bcy- 

served  for  passive  measurements.  During  the  Archimedes  ond  ^h  front  sides  of  the  cylinder,  identical  three-chan- 

campaigns,  measurements  at  17GHz  regularly  resulted  in  “^’-receivers  are  placed  which  are  coupled  to  the 

the  best  volume  estimations  for  thicker  layers.  A  parabolic  mirrors  via  plane  reflectors  and  through  holes 

frequency  around  35GHz  w*ns  to  be  the  best  com-  at thc  front  aides.  This  scanning  principle  should  be  par- 

promise  with  respect  to  geometrical  resolution  and  bad  Ocularly  advantageous  with  respect  to  operational  use.  V 

weather  capability.  90GHz  images  are  highly  resolved  and  “voi‘!s  osc3la,in8  movements  of  the  main  reflectors  i 

comparable  in  quality  to  IR  images  (Fig.  1).  A  sensitivity  rotational  switches  and  guarantees  redundance  in  the 

down  to  a  layer  thickness  of  50^im  Oil-in-water  case  of  a  failure  of  receiver  channels.  Farther  it  supports 

emulsions  and  white  caps  (false  alarm)  can  be  determined  *  &imP!c  method  far  continuous  calibration.  A  swath 

qualitatively  well  in  this  frequency  range.  width  of  476m  is  achieved  for  an  allitudeof 308m  (1000ft). 


Fig.L  Example  for  the  representation  of  passive  micro-  Fig.  2.  Perspective  representation  of  the  MWR  configu- 

wave  oil  spill  measurements.  Oil  slick  taken  at  ration  developed.  Two  parabolic  reflect onka  a 

90GHz  during  night  time  together  with  volume  rotating  cylinder  and  two  receiver  groups  realize 

estimations  (liter);  altitude  4000  ft,  scan  width  two  per  revolution.  Thermal  hot/cold 

440  m,  maximum  variation  of  brightness  sources  are  used  for  a  cootmaous  calibration, 

temperature  21 K. 


D.  Hie  Calibration  Principle 

The  calibration  of  the  radiometer  output  signals  is  done 
by  using  a  hot  load  at  ambient  temperature  and  a  pettier* 
cooled  cold  load.  Hie  hot  load  consists  of  a  sheet  of 
absorbing  material  lhj<  is  mounted  on  the  inner  wall  of 
the  radiometer  main  rack.  As  the  effective  area  of  the  cold 
load  is  much  smaller,  a  further  minor  is  used  for  focussing 
the  beams  of  the  rotating  antennas  onto  the  cold  load. 
During  each  revolution  of  the  cylinder  a  complete  scries 
of  hot/cold  measurements  for  all  frequency  channels  is 
accomplished. 

A  cross  sectional  view  of  the  cold  load  is  shown  in  Fig.  3. 
Hie  absorber  is  cooled  by  a  3- stage  Peltier  clement  that 
has  a  power  consumption  of  45W,  this  results  in  a 
temperature  difference  of  5  IK  with  reference  to  the  case 
temperature.  The  core  of  the  cooled  absorber  is  made  of 
aluminum  in  order  to  get  a  nearly  constant  temperature 
distribution  up  to  the  tips  of  the  pyramids.  The  surface  is 
covered  with  a  layer  of  absorbing  material.  The  reflecting 
inner  wall  of  the  load  case  has  a  conical  shape  resulting  in 
an  increased  effective  area  of  the  cold  load.  This  is  impor¬ 
tant  for  the  18GHz  channels  which  have  the  largest  beam 
waist  that  is  also  somewhat  off  axis.  The  space  between 
the  inner  wall  of  the  case  and  the  cold  load  is  filled  with 
small  balls  of  expanded  polyslcrcnc  in  order  to  prevent 
convection  of  the  surrounding  air  and  rmutmcaiiwi  of 
water.  The  overall  efficiency  of  the  cold  load  has  been 
determined  with  an  external  cold  load  consisting  of  a  large 
sheet  of  absorbing  material  cooled  with  liquid  nitrogen. 


The  sky-radiometer  is  calibrated  by  the  same  principle. 
However  here  we  arc  using  waveguide  ferrite  switches  to 
switch  the  radiometer  input  to  the  loads.  The  cold  load 
consists  of  a  waveguide  absorber  that  is  also  cooled  by  a 
3-stagc  Peltier  element 


E.  Receiver  Front-  and  Back-End  Characteristics 

To  realize  optimum  radiometric  resolution  total  power 
and  heterodyne  principles  arc  applied  to  all  channels. 
Balanced  mixers  arc  used  throughout.  They  show  the 
lowest  noise  figures  which  arc,  presently,  obtainable  with 
commercial  devices  at  room  temperature.  The  receiver 
housings  shown  in  Fig^  only  contain  the  single  front-end 
modules  which  can  be  simply  removed  like  a  drawer  for 
better  access  during  repair.  The  adjustment  of  a  single 
radiometer  channel  for  calibration  happens  by  the  use  of 
a  variable  offset  amplifier  which  is  placed  in  a  seperate 
back-end  housing.  Low  pass  filtering  and  A/D  conversion 
follow  after  low  frequency  amplinralinn 
The  whole  radiometer  system  is  completely  computer 
controlled.  Not  only  calibration  is  done  automatically  but 
also  a  system  configuration  on  the  basis  of  a  priority  list 
(after  switching  on  the  radiometer).  Further,  during  the 
measurements,  a  numerical  correction  of  the  antenna 
beam  squint  angels  which  result  from  the  displacement  of 
the  feedhorns  is  realized.  Digital  processing,  in  addition, 
allows  a  continuous  observation  of  the  operational  condi¬ 
tions  of  the  system  by  monitoring  and  storing  data  such  as 
the  physical  temperatures  of  the  housings  and  calibration 
loads,  the  noise  figures  of  the  front-ends,  and  the  gain  and 
offset  voltages  of  the  variable  amplifiers.  Finally,  in  the 
ease  of  oil  spiU  measurements,  layer-thickness  and  volume 
is  directly  processed  from  the  received  signals. 

Different  spatial  resolutions  arc  obtained  for  the  single 
frequency  bands  by  optimum  utilization  of  the  antenna 
apertures  especially  at  89GHz.  However  an  identical  rcs- 
okttkm  whiiii  would  be  important  for  an  automatic  un¬ 
ambiguous  estimation  of  the  volume,  could  be  achieved 
numerically. 

In  table  1,  the  most  important  radiometer  characteristics 
are  listed. 

I1L  First  Airborne  Measurements 

After  integral  ion  and  installation  into  the  aircraft,  the  new 
system  has  been  flown  for  the  first  time  in  November  1991 
in  the  Oberpfaffeahofen  area.  A  special  quick-look  sys¬ 
tem  had  beat  developed  for  image  representation,  to 
qualify  the  radiometer.  The  first  resahs  showed  that  the 
concept  of  the  new  system  works  very  well  and  that  the 
resolutions  meet  the  specified  vahacs  (Fig.  4).On  the  other 
hand,  a  deeper  analysis  revealed  some  spuriuos  interior- 
amyig  nllfyy  <ltlC  tO  ^nM>l  PICiUltOT  isdll* 

lion  in  the  18.7  and  3<L5GHz  ranges.  These  problems 
arise  from  the  absence  of  anilines  at  the  receiver  inputs 
which  normally  results  in  higher  sensitivities  for  well  ad¬ 
justed  devices.  In  view  of  the  first  measurements  above 
oil  polluted  sea  that  arc  sbedukkd  for  April  1992,  addi¬ 
tional  filtering  in  the  18.7GHz  channels  will  be  a  short 
term  solution.  It  is  planned,  however,  to  replace  the  bet- 


Tab.  1.  Microwave  Radiometer  Characteristics 


Antenna  j 

Sensor: 

linesranner 

sky-radiometer  } 

type: 

rotating  offset  parabolic  reflector 

sector  bora 

angular  resolution : 

0.8*  /  2J3*  /  40* 

8*  •  80* 

scan-with  utilized : 

76* 

./. 

scan-frequency: 

10  revolutions/sec  —  20  lines/sec 

./. 

•  Receiver  front-end» - 

. .. 

channel 

type 

center  freq. 

i£ 

noise  temp. 

1,1* 

heterodyne  DSB 

89.0  GHz 

1-3  GHz 

590  K 

2,2’ 

heterodyne  DSB 

36.5  GHz 

.1-5  GHz 

565K 

3,3* 

heterodyne  SSB 

18.7  GHz 

0-0  GHz 

550  K 

sky 

heterodyne  DSB 

89.0  GHz 

.1-1  GHz 

590  K 

erodyne  principle  by  direct  receiver  principle,  at  as  ap¬ 
propriate  time,  by  using  HEMT  amplifiers  in  the  18.7  and 
36.5GHz  ranges. 


Fig.  4.  First  airborne  measurements  with  the  new 


radiometer.  89GHz  (left)  and  365GHz  (right) 
quick-look  representation  of  a  section  with 
different  types  of  vegetation  or  soils  and  water 
surfaces  (black  colour,  storage  lake).  Demon¬ 
stration  of  resolution  capability  and  brightness 
temperature  range  awaited  for  polluted  sea  sur¬ 
faces.  Spurious  interferences  by  external  elec¬ 
tronics.  Altitude  3000ft. 
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MMIC  TECHNOLOGY  FOR  COMMUNICATION  SYSTEMS 


M.  Aikawa 
NTT  •  Japan 


cwc‘ans  MMICs  are.  potentially  very  suited  to  high  frequency  bands 

MMIC  Technology  for  Communication  y  1  (microwave  band  to  millimeter-wave  band),  due  to 

(1)  mass  productivity  with  high  repeatability  and  excellent 
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MICROSTRIP  MMIC  UNIPLANAR  MMIC 


MINIATURE  TRANSMISSION  LINES 
FABRICATED  USING  A  THIN  DIELECTRIC  FILM 


coi  icmpv  tnu 


Prospects  for  MMIC  Applications  in  the  Communication  Field 


MMIC  MARKET  SIZE 


(1 )  MMICs  are  now  at  the  critical  point  lor 
taking  off. 

(2)  The  initial  application  was  satellite 
communication  systems. 

(3)  Presently,  digital  microwave  transmission 
systems  are  boosting  the  popularity  of 
MMICs. 

(4)  The  principal  accelerators  will  be  mobile 
communications,  subscriber  radio, 
wireless  LANs  etc.. 


YEAR 


CONCLUSION 

1 .  Uniplanar  MMICs  and  LUFET  MMICs  as  well  as  highly-integrated  MMICs  are 
remarkably  effective  for  the  cost  problem,  and  multi-layer  MMICs  are  also  very 
promising  for  the  next  generation. 

2.  In  addition,  the  uniplanar-,  LUFET-  and  multi-layer  MMICs  are  very  suited  to  high- 
frequency-band  applications. 

3.  Performances  /  functions  unique  to  MMICs  and  Compounded  MMIC  technology 
should  be  studied  and  developed  more  eagerly  in  order  to  overcome  the 
disadvantages  of  MMICs,  and  to  promote  wider,  more  active  MMIC  applications  in 


the  communication  field. 


NEW  INTEGRATED  SUBSYSTEMS  FOR  MILLIMETER  - 


WAVE  APPLICATIONS 


R.  Funck 


Dassault  Electroniquc 


France 
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NEW  MILLIMETER  -  WAVE  DEVICES  REALIZATION 
AND  PERFORMANCE 

D.  Pons 

Thomson  -  CSF  LCR  •  France 


FIELD  -  EFFECT  TRANSISTORS  FOR  THE  MILLIMETER  - 


WAVE  RANGE:  PHYSICAL  ANALYSIS,  MODELING  AND 
EXPECTED  PERFORMANCE 


G.  Salmcr 


Universitc  de  Lille  •  France 
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•  On*  dimensional  solution  of  equilibrium  equations  (Schr&dmge 


C.H.S.  - .  [  NOISE  CALCULATIONS  FOR  F.E.T. 


From  Zimmerman  et  al,  1991 


USE  OF  AN  AlGaAs  BUFFER  LAYER 


Co  in  the  well 

Contributions  of  electrons  Ci  free  in  ALGaAs 

C2  trapped  in  AlGaAs 
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-  Higher  carrier  concentration  values : 

ns  -  2.5  1012/cma. _ 

- 1  CHS  Lille  I - 


PSEUDOMORPHIC  MATERIALS 
Influence  of  strain 


From  Thobel  et  al  (1989) 


PSEUDOMORPHIC  INVERTED  MODFET 


ADVANTAGES  OF  InAlAs/TnGaAs  on  InP  MODFETS 


Better  velocity  field  characteristics 
Higher  conduction  based  discontinuity 
and  then  better  confinement 
Higher  carrier  concentration  in  the 
channel. 


Following  Priester  (1990). 


Thick-Doped. 

-  Improvement  of  output  conductance  : 
Thin  and  depleted  cap  layer 


Transconductancc  values : 
Lattice  matched  versus 
pscudomorphic  devices. 
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-  Other  improvements :  AlGaAs  buffer  -  via  holes. 


LT  GaAs  insulating  layer. 


IMPROVEMENTS  OF  GaAs  MESFET 


-  Pulse  doped  active  layer : 

.It  allows  to  improve  breakdown  voltage  and  linearity  :  for 
instance  Chu  obtained  23  dB  between  IPS  and  Po-i  dll 

.Such  improvement  was  predicted  by  Hcliodorc 


-  Example  of  result :  220  m W  output  power  at  35  GHz  (RCA) 

0.5  pm  x  600  pm  gale. 

-  Highly  doped  InGaAs  channels  (Feng  and  Wang) 

Lg  =  0.25  pm 

96  mW  at  44  GHz  0.6  W/mra  in 

121  mW  at  60  GHz  ^  both  eases 

-  Pulse  doped  InGaAs  channel :  Kim 

Lg  =  0.25  pm  Idss  =  700  mA/mm 
P0  =  50  mW  *  0.6  W/mm  at  60  GHz. 

-  Other  improvements :  AlGaAs  buffer  ■  via  holes. 


a 


IMPROVEMENTS  OF  BREAKDOWN  VOLTAGE  AND  PERFORMANCE 
BY  USING  A  LOW-HIGH  DOPING  PROFILE  (Takahashi  - 1991). 
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EXAMPLE  OF  HIGH  BREAKDOWN  PSEUDOMORPHIC  HEMT 


TWO  -  TERMINAL  MILLIMETER  -  WAVE  DEVICES 

J.  Krcyer 

University  of  Munchcn  •  Germany 
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Maximum  efficiency 


Impatt 

20  X  f 

10  X  f 

<  40  GHz 
>  40  GHz 

for  GaAa  devices 

10  -  12  X 

for  silicon  devices 

Gunn 

2  -S  X 

5.7  X  at  94  GHz 

(12  X  at  60  GHz,  pulsed. 

for  GaAs  devices 
for  InP  devices 
for  InP 

TUNNETT  2  X 

at  94  GHz 

BARRITT 

0.4  X 

at  60  GHz 

MITATT 

0.S  X 

at  ISO  GHz 
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Cw  and  pulsed  output  power 
of  different  mm-wave  devices 


Noise  measure 
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-  F  z  1 
1  -  l/G 
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F  :  Noise  figure 
G  :  amplification 
uj  '•  primary  noise  voltage  source 
B  :  bandwidth 

k  :  Boltzmann  constant 

Tq  :  room  temperature 
Rd  :  negative  diode  resistance 

M  =  — - —  A  frma  Qfi* 

kT0«  k 

P  :  rf  power 

Afrms  s  rms  frequency  deviation 

fQ  :  oscillation  frequency 

Qex  :  external  quullty  factor 


94  GHz  :  ^fllNNETT  ^ 


mimpatt  "*  21  dB 


Noise  measurement  set-up 


TECHNOLOGY  DEVELOPMENTS  TOWARDS  NANOMETRIC 

STRUCTURES 

H.  L.  Hartnagel 

University  of  Darmstadt  •  Germany 


life*  itAtti) 


Technology  Developments 
towords 

Nanometric  Structures 


Basic  Considerations  towards 
Nanomotric  Devices 


-  Dimensional  Reduction 


H.  L  Hortnogel 

Techn.  University  Darmstadt 

Inst.  f.  Hochfrequenztechnlk 

Merckstr.  25 

61  Darmstadt 

Cermany 

)  Basic  Considerations  towards  Nanometric 
Devices 

!)  Selective  Epitaxy 

1)  E— beam  Lithography  and  soft 
Electrolytic  Processes: 

Anodic,  Etching  and  Cathodic 
metal  deponition. 

,  Local-Structure  Deposition  by  point-like 
Electrode  Current  scanned  by 
Piezo— Actuators. 

)  Evaluation  of  Nanomelric  Surfaces 
)  Outlook 


a)  hot— otectron  transport  - High  Speeds 

b)  high  packing  densities  tor  highly  complex 

signal  processing 

c)  impedance  optimization  tor  copacttonces 

based  on  optimal  space— charge  layers 
for  mm  waves: 

lZ*l  ~ 

d)  minimization  of  heat  loss  for  current 

crowding  along  emitter  periphery  of 
power  tronsistors  for  mm  waves 

—  Increase  of  Surfoce  lo  Volume  Ratio 

a)  no  damage  acceptable  leading  to  Irops 

b)  spoce— charge  layer  minimization  to  obtoln 

carrier— density  Independent,  controllable 
conditions 


ISS  spectra  of  GaAs 
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1)1  IMM..KI  lan 


Selective  Epitaxy 


Storting  with  high-lemperalure  capable  amorphous 
mask 

Crowth  required  with  good  quality  on  side  walls 

Samo  growth  rote  as  with  volume  coso  to  allow 
lobricallon  of  lateral  acces  structures 


'  E  — doom  Lithography  and  Soft  Electrolytic 
Processes: 

Anodic  Etching  and 
Cathodic  Metal  Deposition 


1)  nanomelrlc  structurization  by  elactron-beom 

illumination 

2)  gas-plasma  etching  through  E-beam  rosisl 

pattern 

a)  sleep  vrructures  possible 

b)  but  ion  bombardment 

minimized  only  by  protective 
grids  or  plasma  potential 
control 

3)  anodic  wot  etching  through  resist  pattern 

o)  side-steepness  by  combined 

adjustment  ol  bias  and  opt. 
Illumination 

b)  passage  through  verious  epitaxial 
and  doping  loyers  by  optical 
hole  generation  as  required  for 
anodic  process 


Ion  Beam  Lithography 

H+,  60  KeV  into  PMMA 
spread:  o.l  Mm 
no  proximity  effect 
no  bockscatlering  on  Si 


E— Beam  Lithography 


pos.  resist 

PMMA  polymethyl  metacrylate 
PBS  polybutane  —1  sulfone 
resulution:  I  m 


CLCCTROftS 

» 


neg.  resist: 

COP  Polyglycidyl  methacrylate  - 
co-  ethyl  acrylate 
resulution  due  to  swelling:  1  fim 


s  Revs 

l  I.:* 


limitation: 


•  MMtneni.  mwxvWwywve. 


electron  scattering,  20  keV 
(A~  1  A);  proximity  effect 


STM-Studies  of  GaAsIlOO)  Surfaces  after 
different  etch  treatments 
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v  *L 


SiOn 

J- 


Si  H  4  +0j  Si  0j  +  2  Hj 

( 450  *r 

Si(0CjHs  )  Tetraethylorthosillcate 

=  TEOS  (700*0 
(  from  liquid  source  ) 

SiCI,  H,  +  2  0  (900*0 

blchlorosilane 
nitrous  oxido 


S  ,  n4 

LPCVD  :  750*  C 

PCVD  : 300  *  C 

(  final  chip  passivation  against 
scratch  protection,  moisture 
barrier,  sodium  barrier ) 

3  Si  Cl,  H,  +  H  N  H3  (  LPCVD  ) 

Si  H4  +  N  H3 

SI  H4  +  N, 

Poly  St  ( larger  stability  than  Al ) 

SiH4  - »*■  Si  +  2  hfc  (600*C) 


Chemical  Vapour  Deposition 

(e.g.  SiO,  to  insulate  multilevel  metallisation) 


1)  atmospheric  -pressure  CVD 

2)  low-pressure  CVD 

3)  plasma  -assisted  CVD 

-  Hot  -wall  reactor 

-  Low  -Temperaturo  CVD  for  Si  submicron  tochn.) 

(reduced  thermal  broadering  of  dopants 
by  diffusion) 

energy  -enhanced  CVO 

(possible:  SiOz  at  150  A/min  for  50*C 
by  UV  tight ;  in 

*  Chemical  Vapour  Deposition  ’ 

1984,  edj  M.D.  Robinson  et  al 
Electrochem.  Soc„  Pennington,  USA) 


Cont,:  Electrolytic  Processes  U 


4)  d)  melol  sequences  by  several 

cathodic  steps  as  required 
for 

-  ohmic  contacts 

—  Schott  Icy  contacts 

-  good  addheslon 

-  high  stability  (diffusion 

barrier) 

e)  selective  deposition  on 

semiconducting  Islands  In 
semiinsula  ting  surface  In 
darkness 


f)  pulsed  bias 


DOUBLE -REFUCA  TEH  FHOTOCIAPH  OF 
HjSOj:  HjOj  ETCHED  Gail  SURFACE 


Local  Structure  Deposition  by 
Point— like  Electrode  Current 
scanned  by  Piezo-Actuotors 


t)  Point  Current  Source  by 

a)  needle  with  Insulation  except  on  tip 


^metal 

-Insulating 

local  cathodic 
deposition 


b)  fine  capillary  In  conducting  electrolyte 


^capillary  filled  with 
electrolyte 


2)  Pulsed  Bias  for  optimization  of  results 


3) 


Position  control  by  piezo  actuators  similar  to 
Scanning  Tunnelling  Microscope. 


4)  Combination  with  local  etching  under  point 
current  source 


subsequent  local  first  local 
metal  deposition  *  etching 
on  ridge  N.  / 1 

^ax-r 


5) 


Surface  preparation  by  focussed— electron 
(SEU)  or  focussed— Ion  Illumination  for 
local  etching  with  point  or  line 
metallizations. 


x  & 


flow  of  metallic 
'source  in  electrolyte 
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Evaluation  of  Nanometric  Surfaces 


t)  STM  and  Its  derivatives  In  particular  scanning 
1  tunneling  luminescence 

2)  Electron-beam  evaluation 

a)  SEM 

b)  Scanning  beam 

cathodoluminescence 

c)  TEM,  particularly  at  angle  or 

transverse;  possibly  with  double 
replica  techniques. 

3)  Focussed— Ion  techniques 

inch  Jon  Scattering  Speelrosscopy 


Soft  structurization 
Local  epitaxy 

relovanl  structure  characterization 
will  give 

mm— wavo  dovicos  ond  IC's 

high  packing  donsitios  lor  complex  signal 
processing  with  short  interconnection 
delays 

oxlonsion  lo  fxm  waves 
broad— band  approach 
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OPTICAL  CONTROL  OF  MILLIMETER  -  WAVE  CIRCUITS 

T.  I  toll 


UCLA  •  USA 


Conductor  thfcknou:  1.4ml 
G»A*  MESFET:  NE71 083 
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-frequency  shift  v.s.  laser  power 


(*HO)  touanbajj 
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Varactor  -1  UUOUSS.  nou» o  uanunaan  ■•'■Iff1 

Usiao  Three-terminal  MESFET  Varactor 
in  the  Passive  Mode 
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Conclusion 

Coupled  Negative  Resistance  - 

increase  the  Q  value  for  MMIC  application 

Varactor  Diode  - 

tune  the  center  frequency  of  the  passband 

MESFET  Varactor 

1 .  In  addition  to  the  electronic  tuning,  optical  tuning 
is  realized. 

2.  Same  type  of  device  as  the  active  device  generating 
negative  resistance. 

3.  Operation  in  three-terminal  mode  is  investigated. 

4.  Show  the  possibility  of  using  one  active  device  to 
generate  negative  resistance  and  tune  the  frequency. 
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University  • 


Japan 


CONTENTS 


Recent  Dcvclopement  in  NRD-Guidc 
Technology 


I.  Introduction 


Tsukasa  Yoneyama 


Research  Institute  of  Electrical  Communication 
Tohoku  University 
Katahira  2-1-1,  Aoba-ku 
Sendai,  980  Japan 


II.  NRD-Guidc  Integrated  Circuits 

2. 1  RF  Front  Ends  at  35  GHz 

2.2  Gunn  Oscillator  at  60  GHz 

III.  Proposal  of  Planar  Antennas  Fed  by  Leaky 
NRD-Guides 

3.1  Review  of  Uniform  Leaky  NRD- 
Guides 

3.2  Periodic  Leaky  NRD-Guides 

3.3  Planar  Antennas  Fed  by  Leaky 
NRD-Guides 

3.4  Applications 

IV.  Conclusions 
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Fig.  12-(b)  Radiation  pattern  of  broadside  leaky  wave  NRO- 
gulde  ted  planar  anntana  (230x150x7  In  mm  ) 
( In  tha  vertical  plane  perpendicular  to  the  slot) 
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Fig  9  Variation  of  the  y  component  of  the  electric  field  as  a  function  of  y  (mm)  in  an  SSL 


r,g14  V»ri.?}on°f  the  equivalent  capacitances  as  a  function  of  the  Gap’s  width  i„  fhe 
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It  i *  evidfiii  ilml  rrMA^ilk  in  microwave  and  milli  meter- wave  mirgnirt) 
riicml*  »n  wnou*ly  diilurli  anil  even  ruin  circuit  performance,  ft  t«  Uicrrfw* 
imiHirlanl  (n  under*  Mnd  flow  crosstalk  can  be  produced  ami  what  circuit.  rlTfcli 
c.ni  result  from  it 

l  rmi|>li«if»  Itrlwwi  Iwn  different  pmlion*  of  a  circuit  *a«  ttcrtir  *hrn 

<wu  Iiiim,  fur  rtnmfJf,  Lm>  rlourly  sjwicrd  to  each  aUter,  m  Ui*L  him-  is  m  ihr 
near  held  of  the  iilhrr.  ly|ic  of  crosstalk  bn*  been  well  imderftUKid  {or  »  lrw»e 

lime,  ami  it  wili  not  lie  discussed  lie  re.  We  will  examine,  instead,  fl«e  crosstalk 
that  results  from  the  excitation  of  turfart  wot* rt  within  Uie  circuit.  These  surface 
wmvi-r  rnn  Irnvrl  thinughmil  the  rirniil,  ftomtre  nromul.  and  rmim*  various 
rlli'cLi,  innciiii;  from  direct  inter  action  la  |iacksce  resonances. 

Surface  wavea  can  lie  excited  by  two  principal  mechanisms: 

(a)  circuit  discontinuities,  and 

lb)  power  leakage  from  the  transmission -line  dominant  mode. 

The  fact  ibat  surface  waves  are  excited  at  transmission- line  discontmuilies  is 
of  course  well  known,  but  what  effects  these  surface  waves  produce  have  liern 
examined  only  infrequently.  We  will  discuss  here  the  conditiona  under  which 
•hscmitinuitjea  can  interact  with  oUicr  portion*  of  an  integrated  circuit,  and  Itow 
discontinuities  can  excite  package  guided  modes  and  package  cavity  resonances. 

The  fact  (hat  (raoxmnsxion- line  dominant  modes  ran  leak  became  known  only 
a  few  years  ago.  principally  as  a  result  of  work  by  Slugesaws.  Tauji  and  Obner. 
The  leakage  occurs  in  the  form  of  a  surface  wave  that  propagates  away  at  an 
angle  from  the  axis  of  the  transmission  line.  For  most  printed-circuit 
transmission  lines,  the  dominant  mode  becomes  leaky  only  at  the  higher 
frequencies,  so  that  leakage  effect*  become  significant  principally  at  millimeter 
wavelengths.  'Ilie  talk  will  discuss  precisely  w|»en  a  dominant  mod*  can  liecome 
Iraky,  how  (he  transmission  line,  when  it  leaks,  can  interact  with  oilier  lines  and 
with  discontinuities,  and  how  such  leakage  can  excite  package  guided  modes 
l whereas  ihc  dominant  mode  cannot  interact  with  package  guided  modes  when  it 
is  purely  bound). 

The  present  talk  wilt  begin  with  some  necessary  background  material 
involving  various  constituent  modes  and  their  dispersion  properties.  Tl>e  three 
printed-circuit  lines  that  w*  consider  are  micros  trip  line,  slot  line  ami  coplanar 
waveguide.  We  next  discuss  the  way  power  can  leak  from  U»  dominant  mode  on 
printed-circuit  lines.  In  Hint  connection,  we  first  establish  when  a  mode  can 


I 


l««l>r.  Uien  dnoib*  Ih*  p)iT,ical  proptrtit,  ,f  t|„  leakage,  „„d  r<nsll 
""""■•T1  .f  sock  l«kW.  After  II, .1.  ,|M  .tie*.  , 

,  .Mk  ,d”*  ■"d  “  WWW*.  .Inn 

’ .  •ml  ,,,k***  ’"•»  *«•>  i->n»,nc.  package  guided  mode,  an 
par  Do  pa  (a  m  resonances  of  Uw  packsga  as  a  whole. 


The  stress  in  the  presentation  will 
performance  consequences. 


be  on  the  physical  principles  and  (he 


OUTLINE  OF  TALK 

I.  BACKGROUND  AND  REVIEW 

A-  Constituent  Basic  Modes  on  Printed* 
Circuit  Lines 

B.  Dispersion  Properties 

1.  Modes  on  printed  *  circuit  lines 

2.  Surface  waves 

II.  POWER  LEAKAGE  FROM  PRINTED- 
CIRCUIT  LINES 

A.  When  Can  a  Mode  liecome  Leaky? 

B.  Physical  Properties  of  the  Leakage 

C.  Examples  of  Leakage 

III.  SOURCES  OF  CROSSTALK 

A.  Waveguide  Discontinuities 

B.  Leakage  Effects 

IV.  PACKAGE  EFFECTS 

A.  Guided  Modes  and  Cavity  Modes 

B.  Coupling  Between  Leaky  Modes  and 
Guided  Modes 

C.  Excitation  by  Discontinuities 
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DISPERSION  PROPERTIES 


CONSTITUENT  BASIC  MODES 

1.  MODES  ON  PRINTED  *  CIHCUIT  LINKS 

Microstrip  Lino 
Slat  Lina 

Copln nnr  Waveguide  (CI’\V) 

2.  SURFACE  WAVES  ON  TIIE  SURROUNDING 
SUBSTRATE 

(They  ore  ditTcrcnt  when  the  line  tines  or  does  not  iuivc  a 
ground  plane.) 


3.  MODES  OF  THE  PACKAGE 


Guided  Modes  and  Cavity  Modes 


waveguide  resonant  cavity 


wavenumber  =  P-ja 

(I  =  phase  constant 
u  a  attenuation  constant 

■i  is  due  to  material  losses,  and  to  leakage 
losses,  where  appropriate. 

If  only  leakage  is  included,  then  a  is  called  the 
leakage  constant- 


Disnnrsion  means  the  variation  of  wavenumber 
with  frequency. 

Customary  to  plot  as  (l/kn  vs.  frequency  (or  in 
normalized  form,  such  as  li/Li). 

ko  =  2n/Xo  a  frcc-spacc  wavenumber 

I'  <5. 

vr 

c  ■  velocity  of  light  in  five  space 
v,  m  plane  velocity  of  the  mode 


S 


DISPERSION  HEIIAVIOR  OF  MODES  ON 
PRINTED  -  CIRCUIT  LINES 


DISPERSION  BEHAVIOR  OF  SURFACE  WAVES 
1.  Ungrounded 'Layer 


1.  Microstrip  Line 

OC 

I 

i 


somewluit  (iis|x>ivvo 


f  (orh/Xo) 


P  of  the  mHaea  wav* 
Strongly  dispersive  at  higher  frequencies 


2.  Slot  Line 


2.  Grounded  Layer 


kat  tlispcmvc 


3.  Coplanar  Waveguide  (CPW) 


OC 


EXAMPLES 


grounded  graunded  uiiijowiiiud 


If  conductor  •  backed: 
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WHEN  CAN  A  DOMINANT  MODE 
BECOME  LEAKY? 


DISPERSION  PLOTS  V'Oil  VAJUOUS  CASES 


Suppose  tikcre  is  leakages 


Therefore,  for  real  power  to  leak  away  we  must  have 


P<k. 

or 

p/ko  <  k«/ko 


'•  -C Quieter  -  bucked  .si  oh  Imc  or  cpw  „t  ^..nU 


V77?yy/77777 


7777/7?777Ty 


k. 


< 


i 


leakage  at  aM  frequencies 
m  parallel -plate  ^iu4e  -form 


a-  -£°:id5<tor- backed  -dnt~  line  or  CPW  of  f.W.b. 


Example:  CPW  of  finite  width 


bound  -4-  leaks 

For  t>tct  die  dominant  mode  on  Uie  CPW  leaks. 


V/777//77//, 


'Z/T/s/yr///, 


*cr  f 


At  low  frequencies,  -i.  >_£i  ;  bound.  mode 
•  k„ 

Above  4-0.  ,  Jp_  Jli  .  ItaJeaqe  in  sur ta.ee. 

ko  k0  *  wave  form,  TM0 

on  WZ 


? 


9«  _^^_nVgn^'>ona.l  slot  line  or  CPW  infinite  widfli 


At  low  frequencies,  JL  >  k  ;  bound  wave 

ko  k,, 


Above  -fcn  ,  £  <  kj  .  leakage  in  surface 
ko  k„  wave  form,  TM„  on 

7R7U'. 


Conventional  slot  line  or  CPW  of  -fin, lie  vo'.AlU 


Above  -fcr2  ,  .  leakage  in  surface 

**•  k0  wave  form,  TE0 

•"  7/Wh 


NORMALIZED  PHASE  AND  LEAKACE  CONSTANTS 
OK  CONDUCTOR- HACK  ED  SLOT  LINE 


II 


a/k.  s/k. 


NORMALIZED  PHASE  AND  LEAKAGE  CONSTANTS 
FOR  MICROSTRIP  LINE  ON  AN 
EPSILAM  10  SUDSTRATE 


LEAKAGE  FROM  HIGHER  MODES  ON 
MICROSTRIP  LINE 


surface  wave 
dispersion  curvi 


The  solutions  nrc  leaky  where  Uie  curves  are  si  town 
iliislinL  In  that  region  just  xilmvc  culotT,  Uie  surface  wave 
leaks  over  a  wide  range  of  angles,  Crom  crelfirc  tn  almost 
broadside  ns  Uie  frequency  decreases  toward  cutoft 

If  Uirre  is  no  lop  cover,  leakage  also  occurs  into  sjwcc 
waves  when  (l/ko<l. 


WAVEGUIDE  DISCONTINUITIES 


SOURCES  OF  CROSSTALK 


1.  Waveguide  Discontinuities 

2.  Leakage  Effects 


\ 


Wliat  occurs  physically? 


Top  view  of 
miemstrip 


1.  Weller  modes  on  the  line  are  excited,  but 
decay  away  from  it,  and  tlieir  power  is 
essentially  stored  in  the  neighborhood  of  the 
discontinuity.  They  provide  reactance  to  the 
equivalent  network  of  tho  discontinuity. 

2.  The  lowest  snrfnrc  wave  (or  waves)  on  tho 
surrounding  substrato  is  excited.  It  radiates 
power  in  surface  •  wavo  form  ovor  a  wide 
range  of  angles,  and  it  provides  resistance  to 
tho  equivalent  network  of  the  discontinuity. 

.2.  If  there  are  additional  dominant  modes,  there 
will  lie  some  mode  conversion  into  them.  This 
effect  contributes  to  resistance. 


IS 


COul  i«NG  VWPVEKN  7.KAKV  MOIMCS 
AND  1WCICAGK  GUIOKO  MODUS 


1.  Wc  can  view  the  iMdutge  guided  mode  in  terms  of  a 

pair  of  surface  waves  at  an  angle. 


Top  view 


j*,.  =  liw  cos  I),, 


2.  Tha  package  guided  mode  can  Iks  cxrilnl  liy  the  'leaky" 
mode  when  Die  leakage  angle  0  Isccotiics  die  same  as 
(ho  package  guidctl  mode  angle  0,*  'Hie  (wo  modes 
then  couple  In  each  oilier. 


Top  view 


Wc  had: 

|l=*  It*  cos  0 

AW  jvts 

fyi  a  l(*  COS  0,, 

Huty  n  =  lV 

when  0  =  Op 


2/ 


COUPi^VfO  BimVKKN  'LKAKV  MOD1SS 
AND  PACKAGE  GUIDED  MODES 


*11io  ilaslml  mul  iloUnl  lines  represent  (lie  original 
(unperturbed)  transmission  line  mndo  and  package  guided 
niotlis,  reqicctivcfy.  'llie  solid  lines  represent  (lie  coupled  mode 
result. 

FURTHER  INFORMATION 


Package  guided  mode 


IV  1 
it. 

- — 

- -  A  - - 

A 

1/nky  mode 


jl 

- - A  — H 

A 

Hound  mode 


rp> 

-  A  - 

1 

EXCITATION  OF  PACKAGE  GUIDED 
MODES  »Y  DISCONTINUITIES 


EXCITATION  OF  PACICACE  CAVITY 
RESONANCES  IlY  DISCONTINUITIES 


1 .  Hie  discontinuity  excites  surface  waves  at  nil  angles,  so 
Hurt  llwir  |\  values  range  from  0  to  k*. 

2.  Tlicrcfore,  at  a  pnrdculnr  flvtjiiriicy,  (hey  can  couple  to  all 
package  gukled  modes  with  (\  vulun  in  that  range,  usually 
a  large  uumlicr  of  them. 

3.  In  (lie  ulmve  example,  A  jmekage  guided  imnlcs  are  excited. 

A.  Hy  contrast,  a  (mnsniiinon  line  mode,  with  a  give**  |i  at 
frequency  f,  could  at  most  excite  (couple  to)  a  single 
package  guided  mode,  mxl  jeriwje  none  unless  the 
frequency  were  iliifl«L 


r 


11i«e  (wn  iligcnntfrmUles  can  interact  via  the  auriaea  wav* 
nippurltxl  Ivy  (lie  vutwtnite.  The  ennpKne  ia  ordinarily  <pii«e 
small,  tail  gri*  large  at  ftctpicnclea  eamagondlne  to  package 
cavity  resntunee*.  For  a  large  package,  (he  reennancee 
laemna  tMj  ’-pncc.l  In  Awpieney. 

The  mvity  Q,  and  Iherefiee  the  wnik'iiml  eaapSng  er 
cnnetalk,  am  tie  n-rtueorl  by  intmtudn,  loan  but  Ilia 
rrennannee  Imaalen  and  ean  fan*  ahmwt  a  enn  Unman  in 
Ihnpimry  in  large  parkagra. 
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CROSSTALK  DUE  TO  LEAKAGE 


CROSSTALK  UKHVEEN  LINES  AND 
DISCON'I’IN  UITIES 


/x 


Is  there 
crosstalk? 

NO 


Olio  surface  waves  Imvo  wavenumbers  Uuit  vary  from  Ic,  to 
0  (or  negative)  in  Ute  comjKmcnl.  along  Uic  line  IcngUi.  'lliey 
will  couple  only  if  Uic  coiii|xmci>t  is  »  p.  Here  P>k») 


1.  Two  Identical  Lines 

Du  they  couple? 
YES 

(Directional  coupler 
action,  nL  a  distance.) 


2.  Two  Differ  cut  Lines 


Do  they  couple? 
NO 

(u  and  J)  must  be  Uic 
Uic  same  fur  coupling) 


Is  there 
crosstalk? 

YES 


.'I.  If  There  Is  a  Discontinuity  on  the  Second 
Line 


Crosstalk? 


YES 


/  7 


PACKAGE  MODES 

Two  types:  Guided  modes 
Cavity  modes 


EXAMPLE  OF  GUIDED  MODES 


If  nwUI  hounding  waILc 


Tims,  (here  is  a  rim|dc  rein  (ion  between  (lie  package  guided 
modes  and  surface  waves  on  an  unbouudcil  tulntnle.  ’Ikit 
are  many  package  guided  modes  for  each  potsalilo  surfmxs 
wave.  If  A  U  large*  Uiey  are  closely  iqwowl  in  wavenumber. 


WHAT  HAPPENS  TO  LEAKAGE 
WHEN  THE  PACKAGE  IS  FINITE? 


Infinite  width  Finite  width 


Complex  wavcnunilicr 

P-j« 


Heal  wavcmmdicr 

p 


The  leafage"  |  lower  b  reflected  from  the 
l.tumlarics,  Inil  it  i»  Hi*  eprcwl  Ibrouglmut 
Ute  dreuif,  and  still  cm  cause  crtastalk. 


3D  MODELING  OF  MILLIMETER  -  WAVE  CIRCUITS 

AND  ANTENNAS 

N.  Alcxopoulos 
UCLA  •  USA 


List  of  Some  Advantages  of  this  Philosophy 
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Microstrip  Circuits  -  Aperture  Antennas  and  Scatterers 


Fig.  Balanced  mixer 


O  c  __ 

0»  ©  «  n 

0)0  -O 

©  .Q-  §« 

Eq 


y  (wavelengths) 


Microstrip  Linear  Array  of  EMC  Dipoles  with  a  Corporate  Feed 


y  (wavelengths) 


y  (wavelengths) 


x  (wavelengths) 


Computation  Time 


GOAL:  To  calculate  the  matrix  elements  Zjj(m,n  )  between  any 
two  basis  functions 


i,j  identify  type  of  basis  function 

1,  Rectangular  subdomains 
i,j  =  2,  Triangular  subdomains 

3,  Semi-infinite  traveling  wave  modes 

/-  . . r* ' 

m,  n  are  relative  distance  indices,  m  =  [— 50  :  50  j,  n  =  (-50  :  SO  ] 
Computation  time  on  IBM-3090  for  matrix  elements 

♦  Zu:  2100  see  l  <<d  s-ArVusnV  ”<•  L'-‘- 


•  Zn‘  3900  sec 


•  2|j:  8500  sec 


s*^de-»  •— 


Triangular  basis  function 


boundary 

edge 


interior  edge 
boundary  edge 


Ref  :  Rao,  Wilton  aund  Glinon,  AP-30,  pp.409-418,  May  1982 


For  each  interior  edge  the  triangular  baiia  function  is  defined  as 


}!jr(*-*3,y-y3),  xj  iaT+ 
A(*,  V)  **  5^(x3’  -x,y3’-  y),  xjf  in  7^ 


Basis  Functions 

/(*,»  )  =  £<?„*/»  (*,!>) 

M  (i,'j)=lC,*M,(i,v) 

n 

Integral  Equations 

<  £{x,y)-Jn  (x,y)  >  =  0,  n  =  l,2,-  -,W.  x,y  on  microstrips 
<A lUx,V)-Mn(x,y)>=0,  n  =  l,2 N,  x.yonslots 


Matrix  Form 


Matrix  Element 


rtt  Seer 

[Z  Iwa/rR  ]W  =  I''U 

AO 

JS*1  ?0?0 


Zij{m,  »)  =  /_“  k,)j;{k„  k,)dk,dk. 


•  Expansion  Functions 

1 .  Rectangular  subdomain  modes 

PIVS  (x  )P  (y  )i,  x  -directed  currents 

•7  n,  AT  a 

PWS  (y  )P  (x  )y.  V  -directed  currents 

2.  Triangular  subdomain  modes 

A?.=  £*t(xj-x,yg-y ),  *,yin3^ 

0,  otherwine 

3.  Semi-infinite  traveling  wave  modes  (entire  domain  modes) 

U  (x-  x,W  ±»**-»'>P  (y  )*,  *  -directed  aments 

/  = 

U  (y  -  Vr)e  ±>*»-»>>P  (x  )$,  y  -directed  currents 

•  Testing  Functions 


Subdomain  modes  only 


•  Spectral-Domain  Dyadic  Green’s  Function 


B(x,y) 

A//  (*,y) 


1 

4  jr1 


r  r 

J—tjo  J—  c 


Gtnx(kttky) 
J  Gmrmikj'ky) 


where 


f‘  ig.  1  A  generic  structure  of  a  four  port  microslrip  discontinuity 


DISCONTINUITIES 

JUNCTIONS 

AND 

TRANSITIONS 


min  iiiiiiiitii 


iiiii 


»  1  > 


Frequency  (GHz) 


Frequency  (GHz) 


Fig.  Phase  of  S  parpmeters  of  an  open-end 
(t,®9.9,  w»24mil,  h«25mii) 


Fig.  Phase  of  S  parpmeters  of  a  sharpened  open-end  and 
an  open-end  («r=9.9,  w=*24mil,  h«25mil) 


Basic  Features  Using  THanguIar  Subdomains 


1.  TVansmission  lines  have  finite  length. 

2.  Idea)  current  source  is  used  for  excitation. 

3.  The  grid  of  subdomains  is  translated  in  the  xjr  plane  to  facilitate  the 
computation  of  reaction  elements. 

4.  Subdomains  which  are  too  distant  from  each  other  to  be  included  in 
the  grid  have  reactions  which  are  set  to  zero. 
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Fig.  The  geometry  of  an  open-end  and  a  sharpened  open-end 


Frequency  (GHz) 

Fig.  Phase  of  S33  of  a  basic  tee  junction 
(<,=9.9,  w«=24mif,  h=*25mil) 


Frequency  (GHz) 


Fig.  Magnitude  of  S  parameters  of  tee  and  mitered  tee  junctions 
(r,=9.9,  w=24mil,  h=25mil) 


Frequency  (GHz) 


Fig.  The  geometry  of  tee  and  mitered  tee  junctions 


Fig.  Magnitude  of  S  parameters  of  a  basic  tee  junction 
((r«9.9,  »*»?4mil,  b«2Smi!) 


Loss  /  Pine  (%) 


c,*z. 

C..z. 

LIZ. 


(GIU) 

Tout 

Powtr 

Reflected 

Power 

Triwurattcd 

f'owrtr 

Kftdution 

lAM 

Suriact-wtv* 

l*» 

20 

1.001 

0.134 

0.822 

0.022 

0023 

21 

0.997 

0.153 

0.787 

0.027 

0.030 

22 

1.001 

0.172 

0.755 

0.033 

0.041 

23 

1.005 

0193 

0.719 

0.039 
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Table  1  Power  conservation  check  for  right:angle  bend  discontinuity. 
(  Parameters  are  the  same  as  those  in  Ftg.  4. ) 
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Th«  following  presentation  aims  at  giving  an  idea  of  the  approach 
under  investigation. 
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Fig.  1 .  Asymmetric  coplanar  waveguide  discontinuities 
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FREQUENCY  DEPENDENT  ANALYSIS  OF  PACKAGING  PROBLEMS 
USING  TIIE  THREE-DIMENSIONAL  INTEGRAL  EQUATIONS  TECHNIQUE 

II.  GIIALI*,  M.  DRISSI*,  J.  CITERNE*  and  V.  FOUAD  HANNA** 

*Laboratoirc  Composants  ct  Systcmes  pour  Tdldcommunications 
URA  834,  INSA,  35043  RENNES,  FRANCE 
**CNET/PAB,  92131  ISSY  LES  MOULINEAUX,  FRANCE 


ABSTRACT 

The  main  problems  associated  with  packaging  technique  for  microwave  and  millimeter 
integrated  or  monolithic  circuits  arc  the  shielding  effects,  discontinuity  and  chip  connections 
characterization.  In  this  paper,  a  dynamic  analysis,  based  on  the  three-dimensional  integral 
equations  technique  associated  with  the  method  of  moments  is  presented  for  the 
characterization  of  shielded  discontinuity  problems.  It  uses  the  three-dimensional  Green's 
function  for  a  general  current  distribution  inside  a  shielded  box.  The  theory  of  loaded 
scattcrers  is  also  used  to  take  into  account  the  effect  of  existing  localized  and  distributed 
active  devices  or  passive  loads.  Using  this  last  theory,  a  virtual  matched  load  is  simulated, 
numerically,  by  introducing  localized  absorbing  loads  at  circuit  sections  corresponding  to 
output  ports.  Consequently,  a  scattering  parameters  extraction  technique,  based  on  the  use  of 
these  matched  terminations,  is  developed,  and  hence  the  [S]  parameters  of  the  studied 
discontinuity  are  determined  from  the  knowledge  of  only  current  or  electric  field  maxima 
which  arc  often  accurately  determined  under  good  matching  conditions.  The  shielding  effects 
on  a  wide  range  of  planar  and  three-dimensional  discontinuities  arc  given.  The  behaviour  of  a 
typical  chip  connection  as  a  strip  air  bridge  is  also  studied  and  the  frequency  dependent 
characteristics  of  these  discontinuities  are  presented. 
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Pig.  A:  Measured  and  modeled  S-Parameter 
in  single  side  grounded  configuration 
(SSG). 


Fig.  5:  Layout  of  the  Oscillator. 
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Fig.  6:  Resonance  frequency  vs  gate-  and  drain  voltage. 
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Fig.  7:  Output  power  vs  gate-  and  drain  voltage. 
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